Abstract Hypospadias is one of the most common birth defects among males. Although the birth prevalence of hypospadias has been reported as increasing in some geographic regions, inconsistencies in ascertainment of mild cases and variability in reporting standards are likely contributing to these apparent trends. While hypospadias is highly heritable, there is limited knowledge about the specific genetic and epigenetic factors that play a role in its etiology. Risk factors for hypospadias include family history, older maternal age, nulliparity, high maternal prepregnancy body mass index, hypertension or preeclampsia, multiple gestations, reduced birth weight, and small for gestational age. Of the various prenatal exposures to medications that have been studied, the strongest evidence supports valproic acid as a contributor to hypospadias. Studies evaluating the impact of assisted reproductive technologies (ART) on hypospadias are inconclusive because of potential confounding by subfertility. Many causes of hypospadias may act through a few shared pathways, such as placental dysfunction.
Introduction
Hypospadias is a congenital malformation of the penis in which the urethral opening or meatus is located on the ventral side of the penis, scrotum, or perineum [1] . This malformation results from abnormal fusion of the urethral folds during organogenesis [1] . Male sexual differentiation is driven by androgens derived from the fetal testis, and deficient androgen action between gestational weeks 8-14 is believed to induce hypospadias [2] . Traditionally, hypospadias has been classified according to the location of the urethral meatus [3] . Cases with the meatus at or distal to the coronal sulcus are considered to be mild; cases with the meatus on the penile shaft are classified as moderate; and cases with the meatus in the penoscrotal or perineal area are considered severe [4] . Although several other nomenclature systems are employed to describe the continuum of hypospadias, for the purposes of this paper, we will use the terms mild, moderate, and severe ( Fig. 1) .
Although hypospadias is one feature of many malformation syndromes [5] , approximately 80 % of cases are isolated, i.e., infants are not also affected by other non-genital congenital anomalies [6] . The majority (approximately 70 %) of cases of hypospadias are classified as mild [6] . The proportion of cases that undergo surgery varies by geographic region, suggesting that parental preference and/or local practices may play a role in the decision to repair cases that are on the milder end of the spectrum [6] . The incidence of surgical complications among those that are repaired is highest for severe cases; reoperation occurs in approximately 20-40 % of surgically treated severe cases [7, 8] .
The underlying causes of hypospadias are believed to be multifactorial with non-genetic factors interacting with epigenetic and genetic susceptibilities during the critical window of development between 8-14 weeks' gestation. When risk factors for hypospadias are examined by subtype, there is lack of consensus on whether hypospadias is one defect with varying severity, or whether there could be differing underlying etiologies for each subtype [9, 10, 11••] . This brief review provides an update on variations in estimates of the birth prevalence of hypospadias, recent studies of genetic and epigenetic factors potentially involved in the etiology of the defect, and maternal and pregnancy risk factors for hypospadias, with a focus on the potential contributions of maternal medication use during pregnancy and assisted reproductive technologies (ART). The methodological challenges arising in conducting observational research regarding hypospadias are highlighted. Emphasis in this review is on the epidemiology of isolated hypospadias, as many of the available studies are either restricted to isolated cases or do not distinguish between isolated and non-isolated hypospadias.
Birth Prevalence
Hypospadias is one of the most common birth defects among males, although there are geographic and temporal variations in the reported prevalence [12] [13] [14] . In the United States, hypospadias occurs in 3 to 6 per 1000 male births [15] [16] [17] . Paulozzi et al. described a near doubling in the prevalence of hypospadias in live births between 1968-1993 within the Metropolitan Atlanta Congenital Defects Program [12] . A study from China reported that the prevalence of hypospadias was 0.76 for isolated and 0.14 for non-isolated cases per 1000 male births between 1996-2008 and that there was a 7.4 % annual increase in hypospadias prevalence [13] . The most recent data from EUROCAT, a surveillance network of population-based congenital anomaly registries in Europe, indicated that between 1999-2008, the prevalence of hypospadias was approximately 3 per 1000 male births, and that there was a 1.8 % increase in prevalence every two years [14] .
These trends have raised interest in the possible influence of environmental factors that could have contributed to increased rates of hypospadias. However, it is controversial as to whether there has been a true increase in hypospadias rates over time in the United States or elsewhere [18] . Data from California between 1984-1997 indicated that the prevalence of hypospadias did not increase over that period, regardless of severity phenotype [15] . Subsequent reports from Washington (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) and New York (1992-2005) also found no evidence of an upward trend [16, 17] .
It is possible that the prevalence of hypospadias has increased in some populations but not others. Alternatively, variations in the reported birth prevalence could reflect differences in methods used across various malformation registries, e.g., inclusion vs. exclusion of stillbirths, and inclusion vs. exclusion of cases that do not undergo corrective surgery [6, [19] [20] [21] . At the clinical level, inconsistencies in diagnosis, surgical practice, and reporting for milder forms of hypospadias have likely contributed to variations in prevalence [6, [19] [20] [21] . Authors have cautioned against cross-country comparisons because of these factors, and temporal trends should be interpreted in light of these caveats as well [20, 21] . EUROCAT has provided an illustration of the challenges of tracking hypospadias prevalence over time. Prior to 2005, isolated cases of mild hypospadias were excluded from the EUROCAT Central Registry, [22] although these exclusions were not implemented uniformly by member registries [6] . However, since 2005, all hypospadias cases, regardless of severity, are eligible for registration in EUROCAT. The impact of this administrative change, and the lack of uniformity in how exclusions were applied prior to 2005, on temporal trends of hypospadias prevalence is being investigated [14] .
Genetics and Epigenetics
Family aggregation of hypospadias is evident. As reported from Danish registers, having an affected twin was associated with a 50.8-fold (95 % confidence interval (CI): 34.2-75.5) increased risk for hypospadias; having an affected male sibling was associated with a 13.4-fold (95 % CI: 11.0-16.4) increased risk; and having an affected father was associated with a 10.4-fold (95 % CI: 7.5-14.3) increased risk; the comparison groups were comprised of corresponding family [107] members who were unaffected [23] . These associations were weaker for more distant relatives and heritability was estimated at 77 % (95 % CI: 57-90 %). Family history of hypospadias is more strongly associated with mild and moderate hypospadias than with severe forms, although estimates are imprecise [9, 10, 11••] .
Evidence supports the interaction of multiple genetic and environmental factors as the cause of most cases of hypospadias, as opposed to single genetic mutations, but the molecular pathways contributing to hypospadias risk are only beginning to be explored [24, 25] . Until recently, most studies aiming to identify genes involved in the development of hypospadias have focused on candidate genes, have included small numbers of cases, and have not been replicated [26] . Two recent publications from a large population-based case-control study in California used a candidate gene approach to evaluate associations for 625 relatively common single nucleotide polymorphisms (SNPs) in genes involved in genital tubercle formation, early urethral development, or sex hormone biosynthesis and metabolism [27, 28] . More than 50 SNPs were associated with hypospadias, with some variability by defect severity and by race/ethnic group. As most of the SNPs identified have no known functional consequences, further work is needed to replicate results and elucidate causal variants. A previous genome-wide association study (GWAS) identified a novel link between mild to moderate hypospadias and SNPs in DGKK, an X-chromosome locus that encodes diacylglycerol kinase kappa, which regulates the balance in two signaling lipids [29•] . Subsequent studies, including one in a more racially/ethnically diverse population, confirmed that DGKK SNPs are associated with hypospadias [26, 30] . A recent GWAS identified gene variants at 18 loci associated with hypospadias, which explained nearly 9 % of the variance in liability to the defect [30] .
Epigenetic mechanisms are of increasing interest in establishing causal connections between environmental exposures in utero and birth defects, including hypospadias; however, to our knowledge, only two studies have been published that evaluated associations between epigenetic DNA methylation and hypospadias [31, 32] . In the first study, which used a candidate gene approach, greater methylation of the androgen receptor gene was associated with mild hypospadias [31] . The second was an epigenome-wide association study that identified differences in methylation status in hypospadias cases compared with controls at CpG sites in two genes [32] . However, only 12 cases of hypospadias with heterogeneous phenotypes were included in this study, and results should be confirmed in a larger study population. A caveat of both studies is that preputial tissue collection took place a year or more after birth, and the tissue samples might not have been relevant to hypospadias development. Therefore, methylation patterns that were detected may not reflect those that existed at the time of hypospadias development.
Although hypospadias is generally believed to result from a combination of genetic and environmental factors, to date, there are few data regarding gene-environment interactions and hypospadias risk [33] . To build upon the current literature, future studies may stratify hypospadias by phenotype to reduce potential genetic heterogeneity of the outcome, [29•] increase study size, focus on replicating previous associations and understanding pathways, and evaluate epigenetic and gene-environment interactions.
Risk Factors

Demographic Factors and Maternal Characteristics
Many demographic and maternal characteristics have been associated with hypospadias with varying degrees of consistency across studies. Specifically, white race-ethnicity has been associated with an increased risk for hypospadias in some but not all studies [16, 34] . These disparate findings could be explained by exposure to environmental risk factors or ascertainment bias that could vary by race/ethnicity [16] . Similarly, increasing maternal age has been associated with an increased risk for hypospadias in many but not all studies [16, 35, 36] . For example, Carmichael et al. reported an unadjusted odds ratio of 2.1 (95 % CI: 1.5-2.8) for moderate to severe hypospadias when comparing women ages 35 and older vs. younger than 25 [36] . In contrast, lower parity has been associated with an increased risk of hypospadias in some but not all studies [37, 38] . In a report from the U.S. National Birth Defects Prevention Study (NBDPS), after adjustment for maternal age, prepregnancy body mass index, and fertility treatment among other factors, the association between parity and moderate to severe hypospadias remained [38] . Considering both age and parity together, another report from the NBDPS demonstrated that women ages 35 and older without a previous live birth had the highest risk for having an infant with moderate to severe hypospadias [36] . With respect to previous pregnancy outcomes, any prior stillbirth has also been linked with hypospadias in at least one study [39] .
Maternal prepregnancy obesity (body mass index ≥30) has been associated with an approximately 1.3 to 2-fold increased risk for hypospadias compared to women with normal or overweight prepregnancy body mass index [10, [40] [41] [42] . In contrast, a study from Washington State reported no association between maternal obesity and hypospadias, although body mass index was unavailable for nearly 30 % of the pregnancies [43] . No association between maternal smoking or secondhand smoke and risk for moderate to severe hypospadias was observed in the most thorough study on the topic, which evaluated both timing and frequency of smoking [44] .
Pregnancy and Birth Characteristics
Multifetal pregnancies and preeclampsia are associated with an increased risk for hypospadias [9, 10, 11••, 37, 39, 45, 46••, 47] , and infants with hypospadias are more likely to be born preterm, and to be of low birth weight or small for gestational age [10, 11••, 37, 39, 45, 46••] . These factors tend to be more strongly associated with severe hypospadias than milder forms, although some estimates are imprecise [9, 10, 11••, 15] .
Recently, Jensen et al. provided key insights into the relation between birth characteristics and hypospadias using Danish health registers [46••] . The authors demonstrated that low birth weight for gestational age was associated with an increased risk for hypospadias and that the association became stronger with decreasing gestational age at birth. However, short gestation did not greatly increase hypospadias risk among boys with high birth weight for gestational age. Typically, twins have decreased birth weight and gestational age compared with singletons, and some authors have demonstrated that the association between twinning and hypospadias appeared to be protective after accounting for birth weight or gestational age at birth [39, 46••] . When considering causal diagrams [48] , these findings suggest that hypospadias and fetal growth restriction (manifested by low birth weight) share causes, as opposed to growth restriction leading to hypospadias [46••] . Placental dysfunction and androgen deficiency in early pregnancy have been proposed as shared causes of intrauterine growth restriction and hypospadias [46••, 49, 50] . Specifically, placental dysfunction may lead to inadequate production or transport of human chorionic gonadotropin, or other placenta-derived factors, which fail to stimulate appropriate fetal androgen production necessary for normal urethral closure [49] [50] [51] [52] [53] and potentially involved in somatic growth [54, 55] . Additionally, placental dysfunction may reduce nutrient transfer to the fetus, consequently contributing to restricted growth [56] . However, placental insufficiency after the critical developmental window that results in growth restriction would not cause hypospadias [53] . In Fig. 2 , we illustrate relations between pregnancy/birth characteristics and hypospadias, highlighting shared causes of growth restriction and hypospadias.
Endocrine Disruptors
Endocrine disruptors are exogenous chemicals that interfere with hormones, and evidence from animal studies indicates that certain endocrine disruptors can cause hypospadias by interfering with androgen and estrogen signaling pathways during sexual differentiation [4] . Recent studies have reported that maternal occupational exposure to endocrine disruptors is associated with an increased risk for hypospadias while paternal occupational exposure associations have tended to be weaker or null [57] [58] [59] . These studies assessed occupational exposures based on job title instead of individual workplace exposure levels, which leads to exposure misclassification. Many pesticides are endocrine disruptors, and a metaanalysis reported a modest increased risk for hypospadias associated with maternal (pooled RR: 1.4, 95 % CI: 1.0-1.8) and paternal (pooled RR: 1.2, 95 % CI: 1.0-1.4) occupational exposure to pesticides in general [60] . In a subsequent study from the NBDPS, maternal periconceptional occupational pesticide exposure, based on job description, was not associated with an increased risk for moderate to severe hypospadias [61] . Within pesticide class, no association was observed for fungicides, insecticides, or herbicides. Recently, Carmichael et al. conducted a population-based case-control study in California on residential proximity to a range of specific pesticides [62•] . Few pesticides were associated with hypospadias, none of which had previously been linked to the defect, and results were considered to be hypothesis generating. Although it is biologically plausible that endocrine disruptors contribute to the development of hypospadias, epidemiologic studies have as yet been unable to clearly link specific endocrine disruptors with hypospadias.
Nutritional Factors
Various nutritional risk factors have been suggested for hypospadias, including vegetarian diet, iron supplements, nutrients related to estrogen metabolism, and low quality diet [41, [63] [64] [65] . Carmichael et al. (2012) evaluated these factors, but evidence was not supportive of associations with moderate to severe hypospadias [65] . In contrast, in another study from the same group, maternal intake of certain phytoestrogens, i.e., plant-derived substances with estrogenic properties, and total phytoestrogen intake was negatively associated with moderate to severe hypospadias risk [66] . Folic acid and other nutrients that contribute to one-carbon metabolism have been hypothesized to be associated with a reduced risk for hypospadias given their critical role in developmental processes [67] . Mavrogenis et al. reported that folic acid supplementation early in pregnancy was associated with a decreased risk for hypospadias when supplementation use was ascertained from medical records and an increased risk for hypospadias when only retrospective maternal report was available [68] . 2009) did not observe an association between folic acid supplementation early in pregnancy and moderate to severe hypospadias [67] . Furthermore, dietary intake of other nutrients involved in one-carbon metabolism including choline, methionine, and vitamin B12 was negatively associated with moderate to severe hypospadias risk among women who took folic acid supplements [67] . Recently, Gilboa et al. reported an increased risk for moderate to severe hypospadias in women with the highest periconceptional intake of vitamin E, a lipid soluble antioxidant, from diet and supplements compared with the lowest intake (OR: 1.4, 95 % CI: 1.1-1.9) [69] . The results were adjusted for several potential confounders including folate intake. This association was unexpected and requires confirmation.
Medications
The use of several medications during pregnancy has been studied in relation to risk for hypospadias. Studying such associations is challenging because of limited study size due to the relatively low prevalence of pregnancy exposures for most specific medications, the rarity of hypospadias as an outcome, and potential bias due to confounding by underling indication for the medication.
Antiepileptic drugs are among the most well-studied medications with respect to hypospadias. Risk of hypospadias has been reported to be elevated with use of phenobarbital, topiramate, and carbamazepine during pregnancy, although reports are inconsistent and are based on small numbers of cases resulting in imprecise estimates [70] [71] [72] [73] . First trimester valproic acid use has been the most consistently associated with hypospadias across various study designs [74] [75] [76] [77] [78] . In a case-control study from the EUROCAT database involving 32 exposed cases, Jentink et al. reported a 4.8-fold (95 % CI: 2.9-8.1) increased odds for exposure to valproic acid in the first trimester among women who had a child with hypospadias compared to women who did not [76] . In another case-control study based on only four exposed cases, Werler et al. reported an odds ratio of 2.4 (95% CI: 0.6-9.0) for first trimester exposure to valproic acid in women who had a child with hypospadias compared to those who did not [77] . To overcome the imprecise estimate, the authors utilized a Bayesian approach, which incorporated prior knowledge of the magnitude of the association from the literature. This approach resulted in a stronger and more stable odds ratio 3.2 (95 % posterior interval: 1.2-9.0). Furthermore, a recent study from the Medical Birth Registry of Norway reported an odds ratio for hypospadias of 5.7 (95 % CI: 2.1-15.3) when comparing women who used valproic acid monotherapy during pregnancy with women who did not; however, only four women treated with valproic acid had a child with hypospadias [79] .
A major concern for observational studies that evaluate the association between medications and adverse outcomes is confounding due to the underlying indication for the medication or the severity of the indication [80] . Van Zutphen et al. explored the impact of antihypertensive use and underlying maternal hypertension on risk for moderate to severe hypospadias [81] . Using a reference group of women without hypertension, the authors reported an odds ratio of 2.1 (95 % CI: 1.8-2.5) associated with untreated hypertension and an odds ratio of 1.6 (95 % CI: 1.1-2.3) associated with antihypertensive use early in pregnancy. These results suggest that underlying hypertension plays a role in the development of hypospadias, possibly through reduced placental profusion. Furthermore, the same authors reported an even stronger association with antihypertensive medication initiated only later in pregnancy, after the etiologically relevant period for development of hypospadias (odds ratio (OR): 4.0 (95 % CI: 2.4-6.6) suggesting that the medication could not be the cause. This study illustrates the importance of considering underlying maternal disease and disease severity when studying perinatal medication exposures and risk for hypospadias.
It has been hypothesized that exogenous estrogen and progestin exposures may contribute to the development of hypospadias by interfering with fetal androgen production or action [82, 83] . Results from studies of the association between progestin use and risk for hypospadias have been mixed and may reflect differences in progestin indications and formulations over time [84] . Including pregnancies from 1997-2000, Carmichael et al. reported that progestin use to prevent pregnancy complications, loss or to improve fertility was associated with an increased risk for moderate to severe hypospadias, whereas progestin use for contraception was not [84] . Using Danish register data, including pharmacy prescription information, Nørgaard et al. reported that oral contraceptive use around the first trimester was not associated with an increased risk for hypospadias, even when accounting for exposure misclassification [85] . Diethylstilbestrol (DES), a synthetic estrogen, was banned for use during pregnancy in the United States in 1971 after it was linked to vaginal clear-cell adenocarcinoma among daughters of women who used the drug during pregnancy [86] . Earlier studies suggested that males exposed to DES in utero have an increased risk for genital anomalies [87] . More recently, an intriguing transgenerational effect of DES in the sons of women who had in utero exposure to DES has been explored. Klip et al. first reported in 2002 an association between maternal in utero exposure to DES and hypospadias in the offspring of a cohort of women with fertility problems [88] , and follow-up studies lend mixed support [9, [89] [90] [91] . Relating medication use in the first generation to an outcome in the third generation is challenging. Methodological limitations include transgenerational confounding by factors such as first generation subfertility and recall bias when maternal in utero exposure is ascertained through self-report [89, 92] .
Using data from the NBDPS, several other medications have been reported to be associated with moderate to severe hypospadias. These findings included ibuprofen (OR: 1.2, 95% CI: 1.0-1.3), venlafaxine (OR: 2.4, 95 % CI: 1.0-6.0), proton pump inhibitors (OR: 4.4, 95 % CI: 1.2-15.8), and certain fertility treatments including clomiphene citrate (OR: 1.9, 95 % CI: 1.2-3.0) [93, 94•] . These analyses had limited ability to address confounding by indication, employed multiple comparisons, and are generally considered to be hypothesis generating. Therefore, results should be interpreted in light of the exploratory context and follow-up studies to confirm or refute the findings will be valuable.
Assisted Reproductive Technology (ART)
ART encompasses fertility treatments in which both sperm and eggs are handled outside the body [95] . In vitro fertilization (IVF) with or without intracytoplasmic sperm injection (ICSI) is the most common type of ART [95] . A study using Western Australian register data from 1994-2002 reported a 2.4-fold (95 % CI: 1.5-4.0) increased odds for hypospadias associated with ART for singletons based on 17 ART-exposed cases [96] . A report from the NBDPS (1997-2003) demonstrated a 2.1-fold (95 % CI: 0.9-5.2) increased odds of moderate to severe hypospadias associated with ART for singleton births [97] . These results were adjusted for maternal age, study center, income, and parity. A case-control study from the Netherlands from 1996-2004 reported a 2.3-fold (95% CI: 0.9-5.8) increased odds of hypospadias associated with ART after adjusting for family history of hypospadias [9] . Using Swedish register data from 2001 to 2007, Kallen et al. reported no association between IVF and hypospadias; there were 45 exposed cases [98] . These findings contradicted a study using Swedish register data between 1982-2001 which reported that IVF was associated with an approximately 2-fold increased odds for hypospadias [98, 99] . Within specific ART procedure types, some studies have suggested that risk for hypospadias may be highest following ICSI; however, these studies are generally limited by a small number of cases [98] [99] [100] [101] [102] [103] .
As described above, investigators have reported positive associations between ART and fertility medications, such as clomiphene citrate and progestin, and hypospadias. However, it is unclear whether these exposures cause hypospadias (Fig. 3a) . Confounding, or bias due to common causes of these exposures and hypospadias, is a plausible non-causal alternative explanation for the observed associations. Using a conceptual diagram in Fig. 3b , we illustrate potential common causes of ART, fertility medications, and hypospadias, such as infertility or subfertility, family history of hypospadias, and parental characteristics like comorbidities and environmental exposures. For example, paternal hypospadias may be associated with subfertility [104] , and these factors are linked with offspring hypospadias [9, 23] . The association between ART and hypospadias could be at least partially explained by paternal hypospadias and subfertility. However, no studies have provided convincing evidence that this is the case by accounting for family history of hypospadias and subfertility. Accounting for subfertility is a major methodological challenge for ART studies and could be accomplished in part by accounting for time to pregnancy and type of infertility diagnosis and by making comparisons with subfertile couples that did not undergo ART. Moreover, multiple gestation and small for gestational age are more common among ART pregnancies compared with non-ART pregnancies [95, 105] and may be considered as effects of ART as illustrated in the conceptual diagram in Fig. 3c . To estimate the impact of ART on hypospadias risk, it would be inappropriate to account for these factors in the analysis [106] .
When evaluating the association between fertility treatments and hypospadias, investigators must carefully consider which factors to account for in the analysis to reduce bias. Comparison of the risk of hypospadias across fertility treatments, including IVF, ICSI, type of ICSI, ovulation induction, and intrauterine insemination, may provide additional insight into potential mechanisms underlying the development of hypospadias following fertility treatment.
Conclusions
Hypospadias is one of the most common birth defects in males, and differences in the criteria used to diagnose/treat mild hypospadias as well as variability in reporting standards have likely contributed to temporal variations in the estimates of hypospadias birth prevalence. While hypospadias is highly heritable, there is limited knowledge regarding the specific genetic and epigenetic factors that play a role in its etiology. Risk factors for hypospadias include family history, older maternal age, nulliparity, high prepregnancy body mass index, hypertension or preeclampsia, multiple gestations, low birth weight, and small for gestational age. Of the medications studied, the strongest epidemiologic evidence supports first trimester exposure to valproic acid as a contributor to hypospadias. The impact of ART on hypospadias remains unclear, and epidemiologic studies have as yet been unable to establish conclusive links between specific endocrine disruptors and dietary factors and hypospadias. Although most risk factors are associated with either none or all hypospadias phenotypes, for some factors, the magnitude of the association appears to vary across phenotypes.
Many causes of hypospadias may act through a few shared pathways. For example, placental dysfunction may contribute to the development of hypospadias and also cause growth restriction, and upstream causes of placental dysfunction would be implicated as causes of hypospadias.
There are a number of challenges of evaluating potential causes of hypospadias through observational research. First, attaining an adequate number of hypospadias cases with accurate phenotype information is necessary for precise estimations of the association. Phenotype-specific causes could be overlooked if all hypospadias cases are grouped together. Second, accurate ascertainment of specific exposures during the etiologically relevant window that does not depend on hypospadias status is necessary to avoid bias. Finally, to eliminate confounding as a non-causal explanation of an association, accounting for underlying common causes of the exposure of interest and hypospadias is necessary. In addition to phenotype-specific analysis, valuable directions for future hypospadias research include confirmation of suggested associations, including genetic variants, epigenetic marks, and specific medications, further exploration of paternal exposures, investigation of specific endocrine disruptors using rigorous exposure assessments, and the evaluation of subfertility and different fertility treatments on the risk for hypospadias.
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